). Telomere length also decreases during sucof telomerase or its template-containing RNA subunit [8, 9]. While the telomerase protein is highly conserved cessive passage, and this decrease correlates tightly with the loss of cell viability ( Figure 2B ). At the point of among eukaryotes, the apparent lack of Est1p homologs has frustrated efforts to describe a common "crisis," when population viability is lowest and telomere length has diminished to the limits of detection, est1⌬ mechanism of telomerase recruitment and activation. Here, we describe SpEst1p, a homolog of Est1p from cultures accumulate elongated cells and display a high degree of chromosome instability and missegregation the evolutionarily distant Schizosaccharomyces pombe. Like ScEst1p, SpEst1p is required for telomerase ac-( Figure 2C ). manner ( Figure 3A, lanes 1 and 2, [15] ). Interestingly,
display a senescence phenotype virtually identical to Est1p [5], which appears to recruit or activate telomerase at the site of polymerization [6, 7] . Thus, est1⌬ that observed in telomerase null (trt1⌬) strains [13] . At approximately 60-70 generations of growth, est1⌬ cells have the same cellular senescence phenotype as cells lacking either the catalytic protein subunit strains begin to exhibit a pronounced loss of viability ( Figure 2A ). Telomere length also decreases during sucof telomerase or its template-containing RNA subunit [8, 9] . While the telomerase protein is highly conserved cessive passage, and this decrease correlates tightly with the loss of cell viability ( Figure 2B ). At the point of among eukaryotes, the apparent lack of Est1p homologs has frustrated efforts to describe a common "crisis," when population viability is lowest and telomere length has diminished to the limits of detection, est1⌬ mechanism of telomerase recruitment and activation. Here, we describe SpEst1p, a homolog of Est1p from cultures accumulate elongated cells and display a high degree of chromosome instability and missegregation the evolutionarily distant Schizosaccharomyces pombe. Like ScEst1p, SpEst1p is required for telomerase ac-( Figure 2C ). manner ( Figure 3A, lanes 1 and 2, [15] ). Interestingly, for end-joining reactions that are normally prohibited by address the prediction that elongated telomeres would suppress senescence, we deleted either est1 or trt1 at telomeres. This uncapping presumably occurs through the progressive removal of telomere capping proteins, a single allele in a homozygous taz1 ⌬/⌬ diploid strain. The resulting diploids maintain extremely long telomeres, as as their binding sites are lost from the eroding telomeres. A key telomere capping protein in fission yeast is Taz1p, expected for taz1⌬ cells (data not shown). Sporulation of these diploids should yield double mutant haploids which binds the double-stranded telomeric repeats and regulates the extent of telomerase activity such that loss that, while isogenic to est1⌬taz1⌬ and trt1⌬taz1⌬ daughters of heterozygous taz1 ϩ/⌬ diploids, inherit long of Taz1p leads to a 10-fold increase in telomere length [19] . In addition, taz1⌬ telomeres are susceptible to DNA and aberrantly structured telomeres from the parental strain. double strand break repair reactions that are prohibited at wild-type telomeres; thus, telomere fusions appear Sporulation of "long telomere" trt1 ϩ/⌬ taz1 ⌬/⌬ diploids results in few viable trt1⌬taz1⌬ spores, again indicating in taz1⌬ cells grown under conditions that favor high levels of nonhomologous end joining [20] . that these genes have synergistic effects on viability ( Figure 4B ), although the few viable trt1⌬taz1⌬ daughAs taz1⌬ telomeres are highly elongated, taz1⌬ strains might be expected to exhibit postponed telomere loss ters appear visually normal when grown in liquid culture. Southern blotting reveals that these strains have long and senescence upon telomerase inactivation. Intriguingly, dissection of heterozygous diploid trt1 ⌬/ϩ taz1 Figure 4A ). We observe a similar tained by recombination-based mechanisms, thus averting the complete telomere attrition and chromogrowth defect in est1⌬taz1⌬ spores obtained from est1 ⌬/ϩ taz1 ⌬/ϩ diploids ( Figure 4A ). This similarity sugsome circularization seen in taz1 ϩ trt1 ⌬ survivors [18] . In marked contrast, not a single est1⌬taz1⌬ daughter gests either that functional telomerase and Taz1p serve some redundant, essential function, or that the absence could be isolated by sporulating est1 ϩ/⌬ diploids homozygous for taz1⌬ (i.e., carrying long, aberrantly strucof telomerase-mediated synthesis subjects taz1⌬ telomeres to rampant degradation. In an attempt to explicitly tured telomeres), despite screening over 50,000 spores. Thus, SpEst1 has a critical telomere function that is indicating that est1 ϩ is not essential in cells containing taz1⌬ telomeres. distinct from that of telomerase itself. In principle, this result could indicate that growth is impossible in the The complete inviability of taz1⌬est1⌬ spores therefore indicates that germination of such spores is imposabsence of both taz1 ϩ and est1 ϩ . However, the observation that viable taz1⌬est1⌬ colonies arise, although insible if they have inherited aberrant (taz1⌬) telomeres from their parent. While meiosis in the long telomere frequently, from spores of diploids that are heterozygous for taz1 and thus contain normal telomeres ( Figure  est1 ϩ/⌬ taz1 ⌬/⌬ diploids did yield daughters and was therefore successful, all of the viable progeny were 4A) rules out the possibility that taz1⌬ and est1⌬ are synthetic lethal per se. In addition, plasmid loss experiest1 ϩ , demonstrating that est1 ϩ becomes critical specifically during the germination period in strains harboring ments show that an extrachromosomal copy of est1 ϩ can be lost from a haploid est1⌬taz1⌬ cell (not shown), taz1⌬ telomeres. Germination entails a particularly ex- Figure 2A. (B) Distribution of genotypes among viable daughters arising from taz1⌬, est1⌬, and trt1⌬ parental diploids. Diploids of the indicated genotype were sporulated, and allelic segregation and percent viability were assessed. All taz1⌬/⌬ diploids yield low total spore viability due to the requirement of Taz1p for successful meiosis. The values in parenthesis indicate the standard deviation of three independent experiments, while the numbers in bold indicate the expected frequency of randomly segregating alleles. Diploids heterozygous for est1 but homozygous for taz1⌬ carry long, aberrantly structured telomeres and are referred to as "long," while diploids heterozygous for both est1 ϩ and taz1 ϩ carry normal telomeres that may be transiently inherited by est1⌬taz1⌬ daughters. "Long" telomere diploids were unable to produce est1⌬taz1⌬ daughters. In contrast, trt1⌬taz1⌬ daughters were obtained from trt1 ⌬/ϩ taz1 ⌬/⌬ diploids, albeit with a lower frequency than expected.
tended G 1 period as well as a "resetting" of the cell elongation. Dismantling of the T loop might follow chromosomal replication, exposing a free telomeric end to cycle, both of which distinguish it from other cellular processes. Cellular survival under these circumstances telomerase. While T loops have yet to be detected in yeasts, the conservation of Est1 in both mammals and clearly requires est1 
